Figure 4-20: Eagle Ford NOy Emissions 4-km grid Tile Plots, Moderate Scenario, Weekday, 12:00PM — 1:00PM (Grams Mole/Hr)
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Figure 4-21: Eagle Ford VOC Emissions 4-km grid Tile Plots, Moderate Scenario, Weekday, 12:00PM — 1:00PM (Grams Mole/Hr)
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Figure 4-22: Offshore Emissions 4-km grid Tile Plots, Weekday, 12:00PM — 1:00PM (Grams Mole/Hr)
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Note: Offshore emissions are the same for each projection year.
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Figure 4-23: Mexico Emissions 4-km grid Tile Plots, Weekday, 12:00PM — 1:00PM (Grams Mole/Hr)
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5 Base Case Modeling

5.1 CAMx Model Development

The base case CAMx simulation was developed for an elevated ozone episode in the San
Antonio region that extended from May 31% to July 2" 2006. To simulate ozone formation,
transport, and dispersion for the June 2006 episode, CAMx required several inputs including:

Three-dimensional hourly meteorological fields generated by WRF via the WRF2CAMx
interface tool;

Land use distribution fields;

Three-dimensional hourly emissions generated by EPS3 by pollutant (latitude, longitude,
and height);

Initial conditions and boundary conditions (IC/BC);

Photolysis rate inputs, including ultraviolet (UV) albedo, haze opacity, and total
atmospheric ozone column fields.

5.1.1 CAMXx Configurations

CAMx version 5.40 was used to model the 2006 episode to match the current TCEQ platform
being developed for Texas. The configurations used for the extended June 2006 CAMx episode

were:

Duration: May 31% — July 2", 2006

Time zone: CST (central standard time)

I/0O frequency: 1 hour

Map projection: Lambert Conformal Conic

Nesting: 2-way fully interactive 36/12/4-km computational grids
Chemistry mechanism: CB6

Chemistry solver: EBI (Euler-Backward Iterative)

Advection solver: PPM (Piecewise Parabolic Method)

Dry deposition model: ZHANG03%*

Plume-in-Grid model: On for large NOyx sources, parameters set by TCEQ
Probing Tools: None

Dry deposition: On

Wet deposition: On

3-D output: Off (2-D surface output only)

PiG sampling grids: Off

Asymmetric Convective Model 2 (ACM2) Diffusion®**

TUV Cloud Adjustment

3| . Zhang, J. R. Brook, and R. Vet, 2003. “A revised parameterization for Gaseous Dry Deposition in
Air-Quality Models”. Atmos. Chem. Phys., 3, 2067—2082. Available online: http://www.atmos-chem-
phys.net/3/2067/2003/acp-3-2067-2003.pdf. Accessed 06/24/13.

> Jonathan Pleim. “A New Combined Local and Non-Local Pbl Model for Meteorology and Air Quality
Modeling”. U.S. Environmental Protection Agency, Research Triangle Park, NC. Available online:
http://www.cmascenter.org/conference/2006/abstracts/pleim _sessionl.pdf. Accessed 06/24/13
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o Photolysis rate adjusted by cloud cover
o BC/IC from GEOS-CHEM model

The sampling grid was turned off during the model run because it's used solely to produce a
graphical display of plume animation at the fine grid level and does not impact CAMx ozone
predictions. These fine grid levels are typically less than 1 km and are smaller than the finest
grid resolution, 4 km, used in this modeling application.

5.1.2 Plume-in-Grid Sub-model
The photochemical model runs developed for the June 2006 episode utilize the Plume-in-Grid
sub-model (PiGs) to track individual plume sources and help reduce the artificial diffusion of
point source emissions in the modeling grid. The PiGs accounts "for plume-scale dispersion
and chemical evolution, until such time as puff mass can be adequately represented within the
larger grid model framework.”**®> All CAMx runs employed the PiGs option for large NOy point
sources using TCEQ PiGs threshold values. These PiGs threshold values are:

e Texas 5 tons/day NOx

e Mexico, Oklahoma, Louisiana, Arkansas 7.5 tons/day NOx
e Mississippi 10 tons/day NOx
e Alabama, Tennessee, Ohio 15 tons/day NOy
e Other states 25 tons/day NOx

5.1.3 Boundary Conditions, Initial Conditions, and Land Use File

Boundary and initial conditions used for the 36 km domain were provided by the GEOS—Chem
Model. “GEOS-Chem is a global 3-D chemical transport model (CTM) for atmospheric
composition driven by meteorological input from the Goddard Earth Observing System (GEOS)
of the NASA Global Modeling and Assimilation Office. It is applied by research groups around
the world to a wide range of atmospheric composition problems.””® Boundary conditions were
developed for each grid cell at the edge of the 36km grid for every layer and hour of the
modeling episode.

The land use distribution file is used to determine the dry deposition rates of all gases and
surface albedo. The fraction of land use in each grid for the 4 km, 12 km, and 36 km grids was
based on the Leaf Area Index (LAI) database. The GLASS Leaf Area Index (LAI) product is
described as a “global LAI product with long time series, generated and released by the Center
for Global Change Data Processing and Analysis of Beijing Normal University.” %°

2% ENVIRON International Corporation, May 2008. “User’s Guide: Comprehensive Air Quality Modeling
with Extensions, Version 5.40”. Novato, CA. p. 4-1.

% Harvard University and Dalhousie University, April 12, 2013. “GEOS—Chem Model”. Available online:
http://geos-chem.org/. Accessed 06/24/13.

#’ Shunlin Liang, Zhigiang Xiao, 2012. “Global Land Surface Products: Leaf Area Index Product Data
Collection (1985-2010)". Beijing Normal University. Available online:
http://glcf.umd.edu/data/lai/index.shtml. Accessed 06/24/13.
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5.2 CAMx Base Case Runs

Once all the data was input into CAMx, the model was run to produce several 2006 base case
and projection case runs. Four base case runs were tested with different emission inventories
to determine modeling performance before the photochemical model was projected to 2012 and
2018. A fifth base case run with MM5 was also included in the analysis to provide a comparison
to previous modeling results. All CAMx base case runs utilized WRF data with 4-km grid 1-way
nesting with 3D upper-air and surface nudging using NWS data with time shift.?*®

MM5 Base Case Run 7
e Met run 11 with MM5 and MRF
e CAMx 4.53
¢ 5-layer soil model
e 1-hour surface wind analysis nudging using a 1-hour ADP observation dataset in
conjunction with 3-hour EDAS analyses
o MM5CAMx “OB70” diffusivity option

WRF TCEQ Base Case Run 1
e WRF v3.2
e CAMx 5.40
¢ 5 layer thermal diffusion and no LSM
¢ YSU PBL scheme
¢ Kain-Fritsch cumulus
e WSM5 microphysics for us_36km and tx_12km domains
¢ WSM6 microphysics for tx_4km domain
¢ 3D upper-air and surface nudging using NWS data with time shift (ts) for tx_4km domain
¢ WRF to CAMx conversion: wrf2camx v3.2 with YSU Kv, and 100m kvpatch (kv100)
¢ Existing merged TCEQ emission files

e US 36km grid system

WRFE TCEQ Base Case Run 2
e WRF v3.2
¢ CAMx 5.40
¢ 5 layer thermal diffusion and no LSM
¢ YSU PBL scheme
¢ Kain-Fritsch cumulus

e WSM5 microphysics for us_36km and tx_12km domains

¢ WSM6 microphysics for tx_4km domain

¢ 3D upper-air and surface nudging using NWS data with time shift (ts) for tx_4km domain
¢ WRF to CAMx conversion: wrf2camx v3.2 with YSU Kv, and 100m kvpatch (kv100)

%8 TCEQ. Austin, Texas. Available online:

ftp://amdaftp.tceg.texas.gov/pub/Rider8/camx/basecase/bc06 06jun.reg2a.2006ep0ext Slayer YSU WS
M6 3dsfc_fddats/. Accessed 06/12/13.
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¢ AACOG EPS3 processed and merged TCEQ Emission Files
e US 36km grid system

WRF AACOG Base Case Run 3

e WRF v3.2

e CAMx 5.40

¢ 5 layer thermal diffusion and no LSM

e YSU PBL scheme

¢ Kain-Fritsch cumulus

e WSM5 microphysics for us_36km and tx_12km domains

¢ WSM6 microphysics for tx_4km domain

¢ 3D upper-air and surface nudging using NWS data with time shift (ts) for tx_4km domain

¢ WRF to CAMx conversion: wrf2camx v3.2 with YSU Kv, and 100m kvpatch (kv100)

e Local San Antonio-New Braunfels MSA emission data including construction equipment,
landfill equipment, quarry equipment, agricultural tractors, combines, commercial airports,
point sources, and heavy duty truck idling

e US 36km grid system

WRF AACOG RPO Base Case Run 4

e WRF v3.2

e CAMx 5.40

¢ 5 layer thermal diffusion and no LSM

e YSU PBL scheme

e Kain-Fritsch cumulus

e WSM5 microphysics for us_36km and tx_12km domains

¢ WSM6 microphysics for tx_4km domain

¢ 3D upper-air and surface nudging using NWS data with time shift (ts) for tx_4km domain

¢ WRF to CAMx conversion: wrf2camx v3.2 with YSU Kv, and 100m kvpatch (kv100)

e Local San Antonio-New Braunfels MSA emission data including construction equipment,
landfill equipment, quarry equipment, agricultural tractors, combines, commercial airports,
point sources, and heavy duty truck idling

e RPO 36km grid system

5.3 Diagnostic and Statistical Analysis of CAMx Runs

Each CAMx run was compared to observed data from eleven monitors in the San Antonio - New
Braunfels MSA, C23, C58, C59, C501, C502, C503, C504, C505, C506, C622, and C678, to
evaluate the model’s performance in predicting ozone concentrations. The performance of the
June 2006 modeling episode was evaluated in two ways: (1) how well was the model able to
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replicate observed concentrations of ozone and (2) how accurate was the model in
characterizing the sensitivity of ozone to changes in emissions?%*°

The first question was answered by a series of operational evaluations including time series
comparisons, daily ozone plots, statistical analyses, scatter plots, and plots of daily maximum 8-
hour ozone fields. These operation tests specifically address the accuracy of the model’s
predictions as compared to actual ozone concentrations observed at AACOG monitors. ?*°

5.3.1 Hourly Ozone Time Series
Time series plots of observed and predicted hourly ozone were constructed for each potential
non-attainment regulatory monitor located in the San Antonio New Braunfels MSA. EPA
recommends creating these plots because they “can indicate if there are particular times of the
day or days of the week when the model performs especially poorly”.?** Figure 5-1 through
Figure 5-11 provide a comparison of the hourly observed and predicted data for every ozone
monitor in the San Antonio-New Braunfels MSA. The data for these time series plots was

derived solely from AACOG base case run 3, as all four WRF runs had similar results.

Using the inputs described earlier, the CAMx model over predicted ozone concentrations at the
monitors on the northwest side of San Antonio, C23, C25, and C505 on two of the episode’s
exceedance days: June 13 and 14™. On other days of the episode, the model's ozone
estimations correlated well with observed peak hourly ozone values and predicted peak hourly
ozone values. For most monitors, there was an excellent correlation between observed peak
hourly ozone and predicted hourly ozone in the second half of the episode, with some under
prediction at C503.

When examining the diurnal bias, model results for C58 over predicted diurnal ozone on most
exceedance days during the episode. The model also over predicted diurnal hourly ozone in
the second part of the episode at monitors located in rural areas of the San Antonio-New
Braunfels MSA, C502, C503, C504, and C506, .

29 EPA, April 2007. “Guidance on the Use of Models and Other Analyses for Demonstrating Attainment of
Air Quality Goals for Ozone, PM2.5, and Regional Haze.” U.S. EPA Office of Air Quality Planning and
Standards, Air Quality Analysis Division, Air Quality Modeling Group, Research Triangle Park, NC.
Section 18.0, p. 190.

260 Ibid.

1 Ibid., p. 200.
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Figure 5-1: 1-Hour Ozone Time Series Observed (C23) v. Predicted (CAMx) for WRF AACOG Base Case Run 3, 2006

SAWC at (-158.0, -1162.7) km (480290032, San Antonio Northwest C23, Bexar Co., TX)
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Figure 5-2: 1-Hour Ozone Time Series Observed (C58) v. Predicted (CAMx) for WRF AACOG Base Case Run 3, 2006

BOER at (-152.4, -1149.7) km (480290052, Camp Bullis C58, Bexar Co., TX)
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Figure 5-9: 1-Hour Ozone Time Series Observed (C504) v. Predicted (CAMx) for WRF AACOG Base Case Run 3, 2006

NEWF at (-100.1, -1142.3) km (481870504, New Braunfels Airport C504, Guadalupe Co., TX)
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Figure 5-10: 1-Hour Ozone Time Series Observed (C505) v. Predicted (CAMx) for WRF AACOG Base Case Run 3, 2006

COGR at (-126.4, -1149.3) km (480910505, City of Garden Ridge C505, Comal Co., TX)
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